Abstract Saffron extracts of two different concentrations were prepared and used as a source of natural antioxidants in whole wheat flour cookies. The effect on the color, texture and sensory properties of the product was also studied over a storage period of 9 months. Results revealed that spread ratio and hardness of cookies reduced nonsignificantly with the addition of saffron extract (SE). Color values 'L' and 'b' of cookies increased significantly from 50.7 to 53.9 and 36.5 to 47.0, respectively with the addition of SE while 'a' value decreased non-significantly (p [ 0.05). DPPH radical scavenging activity, reducing power and inhibition of lipid peroxidation of dough and cookie samples containing SE were enhanced in comparison to control. The concentration of crocins, safranal and picrocrocin in DS 50 and DS 100 dough samples was found as 28.30, 48.30, 104.6 lg/g and 35.14, 62.38, 118.2 lg/g, respectively. Sensory scores of cookies containing SE were high as compared to control. All the quality parameters of cookies reduced during the storage period (0-9 months). However, the cookies with added SE revealed significantly higher quality attributes up to 6 months of storage without any significant loss in quality.
Introduction
Bakery products contain large amount of fats and oils that oxidize slowly with storage and lead to development of rancidity and off-flavor. The development of rancidity due to fats and oils may be reduced by the use of antioxidants. Various synthetic antioxidants such as BHA (butylated hydroxy anisole) and BHT (butylated hydroxy toluene) have been used in processed foods to inhibit oxidation (Reddy et al. 2005) . These antioxidants are effective in improving the shelf life of processed foods (Nanditha and Prabhasankar 2009 ). However, the use of synthetic antioxidants has been restricted due to their toxigenic, mutagenic, and carcinogenic effects. Thus, the demand for use of natural antioxidants derived from plants has increased to a large extent (Dillard and German 2000) . The use of extracts obtained from spices, fruits and vegetables as natural antioxidants in bakery products has been reported by Nanditha and Prabhasankar (2009) . In this regard, extracts obtained from saffron can be used as a source of natural antioxidants in numerous food formulations especially bakery products.
Saffron (Crocus sativus L.), the most expensive spice in the world belongs to the family Iridaceae. The components of saffron i.e. crocin, saffranal and picrocrocin are present in red stigmatic lobes of the flower. The coloring properties of saffron are mainly due to water soluble crocins that are glycosyl esters of crocetin with different sugar moieties (Carmona et al. 2006) . Picrocrocin, a colorless glycoside is the major bitter compound of saffron. Furthermore, it acts as a precursor of saffranal, the main compound responsible for aroma (Jan et al. 2014) . Several studies have reported that saffron has potent antioxidant activity, mainly due to the presence of crocin. However, the combined effect of other bioactive components of saffron provides it a significant antioxidant activity. Many other researchers reported that saffron has several health benefits including reduction of coronary artery diseases, hypertension, stomach disorders, dysmenorrhea and learning and, memory impairments (Khazdair et al. 2015) . Moreover, saffron has been observed to have anti-inflammatory, anti-atherosclerotic, anti-obesity antigenotoxic and cytotoxic properties (Mashmoul et al. 2013) . The aim of the present study was to evaluate the addition of saffron extracts on the color, texture, sensory properties and antioxidant properties of whole wheat flour cookies.
Sample collection and preparation
Soft wheat cultivar HS-240 was obtained from SheriKashmir University of Agricultural Sciences and Technology, Kashmir (SKUAST-K), Srinagar, India. The moisture content of the grains was increased to 14% before milling them in a laboratory mill (Amar Industries, Amritsar, India) to obtain whole wheat flour of uniform particle size.
Extraction and analysis of saffron metabolites
Saffron metabolites were extracted using the method described by Kumpati et al. (2003) , with slight modification. 1 g (db) of saffron powder was taken in an amber colored flask and 15 mL of water was added to it. The mixture was homogenized to maximize the extraction of bioactive compounds and kept on magnetic stirrer for 24 h in dark. After extraction, the mixture was filtered and kept under frozen storage (-18°C) for further analysis.
Quantification of saffron metabolites was done by following the ISO/TS 3632 (2003) procedure. As per this procedure picrocrocin, saffranal and crocin are expressed as direct reading of the absorbance of 1% aqueous solution of saffron at 257 nm, 330 nm and 440 nm, respectively.
The results were obtained by taking absorbance, D, at three wave lengths (Hitachi, U-2900, Japan) as follows: where D is the specific absorbance; m is the mass of the saffron taken in grams; H is volatile and moisture content of the sample.
Crocin, safranal and picrocrocin contents in the saffron extract were observed as 13,917.40 lg/g, 3717.15 lg/g and 7584.48 lg/g, respectively.
Preparation of cookies
Whole wheat flour cookies were prepared by mixing flour with saffron extracts (SE) of two different concentrations. One of the saffron extracts was obtained from 50 mg of saffron powder, while the other extract was obtained from 100 mg of saffron powder. Each of the extracts was added to 100 g of flour. Control cookies (without saffron extract) were also prepared to check the contribution of supplements. Briefly, whole wheat flour, sugar, shortening (hydrogenated fat), skim milk powder, egg white, salt and baking powder were used in different proportions to prepare the cookies. Initially, 100 g of shortening was mixed thoroughly with whole wheat flour (250 g) in a laboratory mixer for 2 min. Subsequently, 112.5 g of sugar, 30 g of skim milk powder, 1.5 g of salt, 1.5 g of baking powder and 25 g of liquid egg white were added. Water was added as per the requirement. A portion of dough was taken for analysis and labeled as DS 50 (SE of 50 mg added to 100 g of flour) and DS 100 (SE of 100 mg added to 100 g of flour). The dough was sheeted to a uniform thickness of 6 mm and cut into round shapes using 5.00 cm diameter cutter. The cookies were baked at 160°C for 15-20 min and then allowed to cool. After this, cookies were packed in air tight laminated pouches, labeled as CC, CS 50 and CS 100 and stored at ambient temperature for further analysis.
Proximate composition of cookies
Proximate analysis of the cookie samples was performed using standard AOAC (1990) methods.
Sensory evaluation
The evaluation of organoleptic properties of freshly prepared and stored whole wheat flour cookies was done by a total of 20 semi-trained panelists from the department of Food Science and Technology, University of Kashmir, India. Three differently coded samples were presented to panelists and sensory characteristics like appearance, texture, mouth feel, flavor and overall acceptability were recorded on the basis of 9-point hedonic scale.
Physical properties
The physical characteristic of cookies like diameter, weight, thickness and spread ratio were determined using the method of Zouari et al. (2016) .
Texture
The hardness of cookies was determined using TA XT Plus, Texture analyzer (Stable Micro Systems, Vienna Court, UK). The probe was set with pre-test speed = 1 mm/s, test speed = 3 mm/s, post-test speed = 10 mm/s and trigger force = auto. Each cookie was centered on the base plate and the travel distance of the blade was 5 mm. The peak force used to break the cookies represented the hardness of cookies.
Color
The Hunter color 'L' (lightness), 'a' (redness) and 'b' (yellowness) values of cookies were measured using Color Flex Spectrocolorimeter (Hunter Lab Colorimeter D-25, Hunter Associates Laboratory, Ruston, USA).
Total phenolic content (TPC)
Total phenolics of dough and cookie samples were estimated using the method described by Gao et al. (2002) , with minor modifications. Each sample (200 mg, db) was extracted with 4 mL of acidified methanol (HCl/methanol/ water, 1:80:10, v/v/v) on magnetic at room temperature stirrer for 2 h. Folin-Ciocalteu phenol reagent (1.5 mL) was added to centrifuge tubes containing 200 lL of the sample extract. Contents were mixed and allowed to equilibrate for 5 min. The mixture was neutralized by adding 1.5 mL of sodium carbonate solution (60 g/L), followed by incubation at room temperature (25°C) for 90 min. Absorbance of the samples was measured at 725 nm (UV-Spectrophotometer, Model U-2900 2JI-0003, Hitachi, Japan). TPC of samples was calculated using the standard curve of gallic acid and was expressed as mg of gallic acid equivalents (GAE) per gram of sample.
Antioxidant properties

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay
The modified procedure of Brand-Williams et al. (1995) was used to assess the DPPH radical scavenging activity of the whole wheat flour dough and the product. 100 mg (db) of sample was extracted by using methanol (1 mL) for 2 h and centrifuged at 30009g for 10 min. 100 lL of supernatant was then reacted with 3.9 mL of a 6 9 10 -5 mol/L of DPPH solution. Absorbance (A) (UV-vis spectrophotometer, Model, UV-2450, Shimadzu, Japan) of the samples was taken at 515 nm at 0 and 30 min using a methanol blank. Antioxidant activity was measured as % inhibition of DPPH radical calculated as below:
Reducing power
The reducing power of the samples was determined by the method of Zhao et al. (2008) . Samples were extracted in polypropylene tubes using methanol (1 mg/mL, db), vortexing, centrifuging at 30009g for 10 min and collecting the supernatant as extract. Then 1 mL of the sample extract was mixed with phosphate buffer (2.5 mL, 0.2 M, pH 7.4) followed by addition of 2.5 mL potassium ferricyanide (1%). After this, the mixture was incubated at 50°C for 20 min and 2.5 mL of Trichloro-acetic acid solution (10 g/ 100 mL) was added, followed by centrifugation (5810R, Eppendorf, Hamburg, Germany) at 10,0009g for 10 min. The supernatant of the solution (2.5 mL) was mixed with 2.5 mL deionised water and 0.5 mL ferric chloride (0.1%).
The absorbance (UV-Spectrophotometer, Model U-2900 2JI-0003, Hitachi, Japan) of the mixture was read at 700 nm. A standard curve was prepared using different concentrations of ascorbic acid and results were expressed as ascorbic acid equivalents (AAE) per gram of sample.
Lipid peroxidation
Lipid peroxidation of samples was estimated by using the procedure of Wright et al. (1981) with slight modification. The sample extract (250 lL) was mixed with 1 mL of Linoleic acid (0.1% in ethanol), 0.2 mL of ferric nitrate (20 mM), 0.2 mL of ascorbic acid (200 mM) and 0.2 mL of hydrogen peroxide (30 mM). The reaction mixture was incubated at 37°C in water bath for 1 h. After incubation, the reaction was stopped by the addition of 1 mL TCA (10%, w/v), followed by addition of TBA (1 mL, 1% w/v). The mixture was then placed in boiling water bath for 20 min and centrifuged at 5000 rpm for 10 min. Absorbance (A) of the mixture was taken at 535 nm against a blank. Lipid peroxidation was measured as % inhibition using the following formula:
Statistical analysis
All analyses were performed in triplicates and data were subjected to one-way analysis of variance (ANOVA) with a significance level of 5%. Duncan's test was applied to determine the differences between the means using the commercial statistical packages (SPSS, Inc, Chicago, IL, USA).
Result and discussion
Proximate composition
The proximate composition of cookies is presented in Table 1 . Moisture content of the cookies varied significantly (p \ 0.05) and was observed as 2.43, 2.29 and 2.37% for CC, CS 50 and CS 100 , respectively. However, protein, fat and ash content of cookies containing saffron extract did not vary significantly (p [ 0.05) from control and was found in the range of 6.11-6.14%, 27.13-27.41% and 1.83-1.96%, respectively. Kaur et al. (2017) reported the protein and ash content of wheat flour cookies as 7.40 and 1.24%, respectively, which is in line with the results obtained in the present study. Crude fat content of cookies was reported as 21.71% by Bhat and Ahsan (2015) , slightly lower than the values obtained in the present study.
Physical characteristics of cookies
Physical properties of cookies prepared from whole wheat flour with added saffron extract are presented in Table 2 . There were no significant (p [ 0.05) differences in the diameter, thickness and spread ratio of cookies containing saffron extract when compared to control and were found in the range of 5.74-6.11 cm, 0.57-0.61 cm and 9.42-9.98 respectively. Š krbic and Cvejanov (2011) reported the diameter and spread ratio of whole wheat flour cookies as 5.16 cm and 3.93, respectively. The results obtained for the former are in agreement with that found in present study. Diameter, thickness and spread ratio of wheat flour cookies were reported as 5.08 cm, 0.60 cm and 8.47, respectively, by Cheng and Bhat (2016) which are close to the results observed in our study. Kaur et al. (2014) reported the spread factor of different wheat cultivars in the range of 6.15-7.25 which is slightly lower than that observed in the current study.
Texture
Hardness of the freshly prepared cookies containing saffron extract i.e. CS 50 (50 mg/100 g) and CS 100 (100 mg/100 g) varied non-significantly (p [ 0.05) when compared to control (Table 2) . It was observed in the range of 45. 98-47.16 N. Aziah et al. (2012) reported the hardness of cookies as 41.50 N, which is slightly lower than that observed in the current study. The hardness of cookies was reported as 49.69 N by Zouari et al. (2016) which in line with the results obtained in the present study. The hardness of cookies prepared from different wheat cultivars was reported in between 30.25 and 78.87 N by Kaur et al. (2014) which is similar to that observed in our study. Storage period of 0-9 months resulted in a decrease in hardness of cookies. However, the decrease was non-significant (p [ 0.05) for all cookies except those stored for a period of 3 months. The decrease in hardness of cookies might be due to increase in moisture content during storage (Dar et al. 2014) .
Color
Color values 'L' (lightness), 'a' (redness) and 'b' (yellowness) of all cookies are presented in Table 3 . The surface lightness and yellowness of freshly prepared cookies increased significantly (p \ 0.05) from 50.7 to 53.9 and 36.5 to 47.0, respectively, with addition of saffron extract when compared to control. However, 'a' value decreased non-significantly from 5.18 to 4.08 with the addition of saffron extract. The increase in 'L' and 'b' values of cookies might be due to the presence of saffron extract which contains crocins that contributed golden yellow color (Bolhassani et al. 2014) . Storage period of 0-9 months significantly (p \ 0.05) affected the surface color of cookies. 'L' value of CC, CS 50 and CS 100 cookies was observed to increase significantly (p \ 0.05) from 50.7 to 55.6, 50.9 to 55.5 and 53.9 to 56.1, respectively upon storage. In contrast, 'a' and 'b' values of the cookies decreased significantly (p [ 0.05) with storage. Degradation in the amount of carotenoids (a-carotene) after 3 months of storage has been reported by Chen et al. (1996) , which might be a reason for decrease in 'a' and 'b' values of cookies in the present study. Raina et al. (1996) reported that hydrolysis of crocin into crocetin takes place in saffron during storage at ambient temperature, thereby reducing the coloring strength of saffron. This also might be a reason for reduced 'b' value of the CS 50 and CS 100 cookies during storage.
Total phenolic content (TPC)
Total phenolic content of samples is shown in Table 4 . It is evident from the data that TPC of dough samples containing saffron extracts showed non-significant (p [ 0.05) variation when compared to control and was observed in the range of 0.39-0.42 mg GAE/g. Non-significant difference in the TPC of CC, CS 50 and CS 100 might be due to less amount of same in the saffron extract. Makhlouf et al. (2011) reported the TPC of aqueous extract of saffron as low as 0.016 mg/mL. The TPC of whole wheat flour was reported as 0.74 mg GAE/ g by Li et al. (2015) which is higher than that observed in the current study. Baking of cookies significantly (p \ 0.05) increased their TPC content and was found in the range of 0.86-0.94 mg GAE/g. Phenolics are generally bound with cell wall structural proteins and carbohydrates (Parmar et al. 2017 ) and might get released by rupture of cell wall upon heating resulting in the increase in TPC of cookies. TPC of cookies might also be enhanced due to generation of Malanoidins produced in Maillard reaction at high temperature.
TPC of cookies containing saffron extract decreased non-significantly (p [ 0.05) after 3 months of storage except control where the decrease was significant (p \ 0.05). Degradation of polyphenols during storage has been reported by Š aponjac et al. (2016) which might also be the case in our study. In general the TPC of cookies was observed to decrease significantly (p \ 0.05) after 9 months of storage. However, the TPC of CS 50 and CS 100 cookies was slightly better retained during storage as compared to CC. This indicates better antioxidant activity of the former cookies due to the presence of saffron extract.
Antioxidant properties
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging assay DPPH scavenging activity of dough was observed to increase significantly (p \ 0.05) with the addition of saffron extract (Table 4) . It was found in the range of 16.30-24.67%, the highest for DS 100 and the lowest for CC. The increase in DPPH scavenging activity of DS 50 and DS 100 may be attributed to saffron extract that has been reported to have potent antioxidant activity (Mashmoul et al. 2013) . DPPH scavenging activity of freshly prepared cookies significantly (p \ 0.05) increased after baking. Previous studies have reported production of dark brown colored pigments during thermal processing of foods due to Maillard reaction (Sharma et al. 2012) . The increase in DPPH scavenging activity may therefore be attributed to Maillard reaction products (mellanoidins) which improved the antioxidant activity of cookies. Increase in antioxidant activity upon thermal processing has also been reported by Sharma and Gujral (2011) . Gregory et al. (2005) reported that saffron metabolites were better retained at elevated temperature which might also be a reason of higher DPPH scavenging activity of CS 50 and CS 100 cookies when compared to control.
DPPH scavenging activity of cookies significantly (p \ 0.05) reduced during storage except CS 50 and CS 100 cookies stored for 3 months which showed a non-significant (p [ 0.05) decrease when compared to control. The decrease in DPPH scavenging activity of stored cookies may be due to degradation of phenolic compounds (Zhou et al. 2013) . In general, DPPH scavenging activity of CS 50 and C 100 cookies remained high compared to CC throughout the storage which might be due to the presence of saffron metabolites in the former.
Reducing power
Reducing ability of dough and cookies is presented in Table 4 . It is clear from the data that reducing power of dough increased significantly (p \ 0.05) after addition of saffron extract. DS 100 had the highest (0.42 mg AAE/g) reducing power while DC had the lowest (0.26 mg AAE/ g). Reducing power of freshly prepared cookies increased significantly (p \ 0.05) upon baking and ranged from 0.34 to 0.50 mg AAE/g. Increase in reducing power may be attributed to formation of Malanoidins in Maillard reaction during baking at high temperature. The trend observed in reducing power of cookies was similar to that found in DPPH scavenging activity which indicates a strong relation between phenolic compounds and antioxidant properties. Oboh et al. (2008) have reported a strong correlation between antioxidant activity and phenolic compounds of food samples.
Storage period of 0-9 months adversely affected the reducing power of cookies and it was observed to decrease significantly (p \ 0.05) with the increase in storage time. Reducing power of CS 50 and CS 100 cookies was found to remain high during storage as compared to CC cookies. This implies that rate of degradation of antioxidant compounds in CS 50 and CS 100 cookies might have been reduced to some extent by saffron metabolites that have potent antioxidant activity (Mashmoul et al. 2013) . Table 3 Hunter color values of cookies with added saffron extract (n = 3) 
Lipid peroxidation
The percent inhibition of lipid peroxidation of samples is presented in Table 4 . Inhibition of lipid peroxidation (ILP) by dough was found to increase significantly (p \ 0.05) from 11.74 to 34.02% with the addition of saffron extract. Inhibition of lipid peroxidation by saffron metabolites in rat liver homogenate has been reported by Hamid et al. (2009) which might be the reason for enhanced ILP by CS 50 and CS 100 as compared to CC. ILP of freshly prepared cookies reduced significantly (p \ 0.05) upon baking from 11.74 to 7.09%, 27.34 to 11.45% and 34.02 to 13.09%, respectively for CC, CS 50 and CS 100 . The decrease in ILP by cookies may be attributed to increase in oxidation of lipids on baking. A significant (p \ 0.05) reduction in ILP of all cookies was observed during storage period of 9 months. The main reason for decreased ILP by cookie samples may be because of the increased oxidation of lipids during storage. However, in case of CS 50 and C 100 cookies ILP was higher than that of CC cookies throughout the storage. Butt et al. (2004) observed increase in oxidation of lipids in wheat flour cookies with storage which is consistent with the results of present study. Similar results were reported by Singh et al. (2000) regarding oxidation of lipids for soy fortified biscuits.
Quantification of saffron metabolites, crocin, safranal and picrocrocin
The concentration of saffron metabolites in dough and cookie is shown in Table 5 . Average values of crocins, safranal and picrocrocin in DS 50 and DS 100 containing saffron extract were observed as 28.30, 48.30, 104.6 lg/g and 35.14, 62.38, 118 .2 lg/g, respectively. The three main active compounds identified in saffron i.e. crocins, safranal and picrocrocin (Nassiri-Asl and Hosseinzadeh 2014) of cookies lowered significantly (p \ 0.05) upon baking. Degradation of saffron metabolites was reported to be temperature dependent by Tsimidou (1997) which might be TPC ( DC control dough without any supplement, DS 50 dough with SE 50 mg/100 g of flour, DS 100 dough with SE 100 mg/100 g of flour; CC control cookie without any supplement, CS 50 cookie with SE 50 mg/100 g of flour, CS 100 cookie with SE 100 mg/100 g of flour; CC control cookie without any supplement, CS 50 Cookie with SE 50 mg/100 g of flour, CS 100 cookie with SE 100 mg/100 g of flour the reason for reduction in the concentration of saffron metabolites upon baking. The concentration of saffron metabolites in cookies was observed to decrease significantly (p \ 0.05) with storage. This may be due to increase in the water activity of cookies that might have accelerated the deterioration of saffron metabolites. Raina et al. (1996) observed that increase in moisture content enhanced the degradation of saffron metabolites with storage.
Sensory properties
The organoleptic properties of cookies with added saffron extracts are shown in Table 6 . It was found that CC cookies were rated lowest by sensory panelists for all Table 5 Quantification of saffron metabolites, crocins, safranal and picrocrocin in dough and cookies (n = 3) oragnoleptic properties evaluated except for texture when compared to CS 50 and CS 100 cookies. Sample CS 50 gained the maximum score for appearance, mouthfeel, flavour and overall acceptability while CC had the lowest score. The sensory panelists liked the flavour of CS 50 and CS 100 cookies. This infers that cookies with added saffron extract that are rich in bioactive components will be preferred by people because of their sensory attributes. Sensory characteristics of all cookies decreased significantly (p \ 0.05) with storage. However, flavour, mouthfeel and overall acceptability were still in the category of 'like moderately' even after 6 months of storage. Thus cookies containing saffron extract can be safely stored for a period of 6 months without any adverse changes in their organoleptic properties.
Conclusion
The addition of saffron extracts to cookies significantly changed their quality attributes. Cookies showed excellent antioxidant properties after the addition of saffron extracts. This was attributed to potent antioxidant activity of saffron and stability of its extracts during baking. Cookies with added saffron extract were rated highest for all sensory characteristics except texture when compared to control. CS 50 cookies gained maximum scores among all the cookies. This implies that the most optimum concentration which should be added to the cookies for higher consumer acceptability is saffron extract of 50 mg/added to 100 g of flour. It can be concluded that health promoting cookies can be made with the addition of saffron extract as a source of natural antioxidants. In addition, natural antioxidants are safe and can be used to increase the shelf life of bakery products that contain high concentration of fats/oils.
